ߜ The investigators undertook a retrospective analysis of ventriculostomy infections to evaluate their relationship to monitoring duration and prophylactic catheter exchange. In 1984, the results of an epidemiological study of ventriculostomy-related infection were published. One of the conclusions of the paper was that the incidence of ventriculostomy-related infections rose after 5 days of monitoring. This led to the recommendation that catheters be prophylactically changed at 5-day intervals if prolonged monitoring was required. A recent randomized prospective study on central venous catheters showed no reduction in infection with prophylactic catheter exchanges. This has led the authors to reexamine their experience with ventriculostomy infections. Data on 584 severely head injured patients with ventriculostomies were prospectively collected in two data banks, The Traumatic Coma Data Bank and The Medical College of Virginia Neurocore Data Bank. These data were retrospectively analyzed for factors associated with ventriculostomy related infections. It was found that there is a relationship of ventriculitis to monitoring duration but it is not simple or linear. There is a rising risk of infection over the first 10 days, but infection then becomes very unlikely despite a population that continues to be at risk. Patients in whom catheters were replaced prior to 5 days did not have a lower infection rate than those whose catheters were exchanged at more than 5-day intervals. Based on these data, it is recommended that ventriculostomy catheters for intracranial pressure monitoring be removed as quickly as possible, and in circumstances in which prolonged monitoring is required, there appears to be no benefit from catheter exchange.
ENTRICULOSTOMY catheters are uniquely useful in that they both monitor intracranial pressure (ICP) and allow for the drainage of cerebrospinal fluid (CSF). Their disadvantage is that they are associated with a higher incidence of ventriculitis than other types of ICP monitors. Incidences of 0% to 40% have been reported but more commonly lie in the 10% to 17% range. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The factors that predispose a patient to a ventricular catheter infection have been the subject of much research. Many of the identified risk factors, such as need for craniotomy and systemic sepsis, are inherent to the patient population and complicate the relationship between ventricular catheters and meningitis.
The effect of the duration of monitoring on the risk of developing an infection has been hotly debated with no consensus yet reached. A related issue is whether replacing the old catheter with a new one at certain time intervals is beneficial. The duration of ventriculostomy monitoring is generally determined by the ICP course of the patients and not by routine. The exchange of catheters is much more likely to remain under the physician's control. However, there are exceptions: collapsed or slit ventricles in a swollen brain, the development of coagulopathy, and/ or the suspicion that a catheter will only be needed for a day or two more all can prevent the exchange of a catheter at a set date. For many patients, however, it is possible to attempt to lower the risk of infection by limiting the duration of monitoring using any one catheter.
In 1984, The Medical College of Virginia published the results of a prospective study that analyzed the risk factors for ventriculostomy catheter infection. 6 One of the study conclusions was that there is an increased risk of infection with a monitoring duration of more than 5 days, but there was no increased risk associated with a previous ventriculostomy in patients with multiple catheters. This led to the proposal that the infection rate may be lowered by prophylactic exchange of catheters at 5-day intervals. The practice of catheter exchange at certain time intervals to prevent infection also has a precedent in the maintenance of central venous lines. This policy of prophylactic line changes has recently been challenged by a prospective randomized trial showing no decrease in infection when central lines were changed at 3-day intervals rather than only when clinically indicated. 3 Data on severely head injured patients from four institutions were collected in two databases: The Traumatic Coma Data Bank (TCDB) and the Medical College of Virginia Neurocore Data Bank. We have used this larger dataset to reexamine the risk factors for infection and to test the hypothesis that prophylactic catheter exchange before the 5th day will reduce the rate of infection. The results of this analysis are presented.
Clinical Material and Methods

Data Collection
Data were collected on 611 closed head-injured patients with ventriculostomy catheters whose records were gathered in two data banks. The TCDB was formed as a multicenter collaborative effort to collect data prospectively on severely head injured patients. Patient data were collected from four university centers between January 1984 and September 1987, and the patients included in our study were distributed among these centers as follows: University of California at San Diego, 182 patients; Medical College of Virginia, 130 patients; University of Virginia, 12 patients; and University of Texas Medical Branch, 30 patients.
The Medical College of Virginia Neurocore is a head injury database formatted on the TCDB model. Information on 230 severely head injured patients at the Medical College of Virginia was collected in this database after the TCDB closed in 1987. Only patients with closed head injuries and ventriculostomies who were admitted between January 1984 and July 1993 were included in this analysis. This data collection was approved and conducted in accordance with the guidelines set by the institutional review board at each institution.
Ventriculostomy Placement
The ventriculostomy was placed under sterile conditions either at bedside or in the operating room and was tunneled a short distance under the skin. A sterile dressing was maintained at all times. Irrigation was assiduously avoided and performed with careful sterile technique when absolutely required. Data on the use of antibiotic drugs in these patients were not available.
Exclusion Criteria and Definition of Infection
Patients were excluded from analysis if meningitis/ventriculitis was diagnosed on insertion of the first catheter (two patients) or if they developed an infection more than 1 week after all ventriculostomy catheters were removed (25 patients). The remaining 584 patients receiving a total of 712 catheters are included in this report. Infection was defined as a positive culture, or in the absence of a positive culture, infection was defined as greater than 50% polymorphonuclear leukocytes on CSF count with a minimum of 50 cells counted or CSF glucose less than 15 mg/100 ml. The CSF was generally collected at the time of catheter insertion and when clinically indicated. No CSF was collected at the time of death. Patients were not excluded on the basis of other sources of infection such as CSF leaks or infection elsewhere in the body, but this information was collected and analyzed for an association with ventriculitis.
Risk Factor Analysis
The incidence of ventriculostomy infection was also examined by multivariate analysis for association with craniotomy, intraventricular hemorrhage evident on computerized tomography scan, sex, age, intracranial air, steroids, and the use of an additional monitoring device such as a fiberoptic intraparenchymal ICP monitor (Camino Laboratories, San Diego, CA) or a subarachnoid bolt ICP monitor. Because we were interested in studying possible causes of ventriculostomy infection rather the sequelae of infection, only events that occurred before ventriculostomy removal or the diagnosis of ventriculitis were considered.
Catheter Duration Analysis
Analysis of the effect of catheter duration on ventriculitis/meningitis was complicated by patients in whom a CSF infection was diagnosed after the last catheter was removed. It was believed that infections that were diagnosed within 1 week of removal were likely to be related to the presence of the catheter and hence should be included in the duration analysis. Therefore for the purposes of this analysis, the infection was considered to be related to the last day of monitoring. The onset of infection was defined as the number of days after the start of monitoring of a ventriculostomy, regardless of whether the catheter had been changed. Daily infection rates were calculated as the number of new infections occurring divided by the number of clean catheters present (that is, the number of patients at risk) on that day (patients already infected were excluded from the denominator and numerator).
Results
The study population consisted of 451 males and 133 females with a mean age of 29.9 years (range 0.3-85.4 years). The mean admission Glasgow Coma Scale score of 5.74 (range 3-15) includes patients who were admitted with a score of greater than 8 but who subsequently deteriorated to 8 or less. The patients were monitored for a mean of 7.5 days (range 0.04-35.8 days), and individual catheters had a mean duration of 5.06 days (range Ͻ 1 hour-34.3 days). Seventy-six patients died during monitoring, and 61 of 584 patients developed ventriculitis, for an incidence rate of 10.4%. Three of the 76 patients who died during ventriculostomy monitoring were in the infected group. There was a significant association between ventriculitis and septicemia (p = 0.001), pneumonia (p = 0.001), craniotomy (p = 0.005), intraventricular hemorrhage (p = 0.007), and depressed skull fracture requiring surgery (p = 0.003). There was not a significant association with sex, age, steroid use, intracranial air, or the concurrent use of additional monitoring devices (Table 1) . These findings were not affected in the 515 patients remaining when the 69 patients in whom a catheter had been in place for less than 24 hours were excluded. The duration of monitoring was studied for an association with infection by analyzing the daily rate of infection. The daily rate of infection was first calculated for all catheters.
This rate rose during the monitoring period to reach a peak at Days 10 to 12 and diminished rapidly thereafter. There was one late infection at Day 23 (Fig. 1) .
Because the prophylactic changing of catheters might affect the relationship of onset of infection to monitoring duration, the daily rate of infection was calculated for first catheters only, ignoring subsequent catheters and infections. This method also demonstrated a rise in infection during the first 10 days with a subsequent rapid drop-off despite a population that remained at risk (Fig. 2) . The rise during the first 10 days was found to be significant by linear regression analysis (p = 0.009). This value was unaffected by the exclusion of patients with additional monitors such as Camino catheters or subarachnoid bolts. The average time to onset of infection was 6.8 days. The average duration of monitoring in the uninfected groups was 6.7 days. For comparison the daily incidence of sepsis and pneumonia are demonstrated in Fig. 3 .
There were 97 patients who received multiple catheters. The incidence of infection occurring with the first, second, and third catheter was compared and the differences were not found to be significant (Table 2) . Patients receiving multiple catheters were divided into two groups based on the frequency of their catheter exchange. There was no significant difference by chi-square analysis in the presence of risk factors in each group (Table 3) . Only the period up to the onset of infection was considered. The patients whose longest catheter placement was less than 5 days (31 patients) had an infection rate of 13%. The pa-
FIG. 2. Bar graphs showing catheter infection rates. Upper:
Number of patients with clean first catheters present per day (population at risk for infection). Note that the population at Day 9 is larger than the population on Day 1 of most of the other studies. Lower: Daily incidence of infection in first catheters. tients whose longest catheter placement was greater than or equal to 5 days (66 patients) had an 18% incidence of infection. This difference was not statistically significant according to Fisher's exact two-tailed test (p = 0.999). If we exclude catheters that were in place for less than 24 hours, the number of patients receiving multiple catheters drops to 77. The incidence of infection in the group with catheters in place for less than 5 days (18 patients) is 22% and 19% in the group with catheters in place for greater than or equal to 5 days (59 patients). This difference is in the opposite direction and is also not significant (p = 0.667).
Discussion
There have been multiple series reported in the literature describing the incidence of ventriculostomy infections; however, the definition of infection, the inclusion and exclusion criteria, and the use of antibiotic drugs vary widely among these series, making it difficult and nonproductive to compare infection rates.
The object of this paper is not to define a "real" incidence of infection but rather to evaluate the relationship of this incidence to monitoring duration and prophylactic catheter exchange. Our incidence of 10.4% is well within the reported range of 0% to 40%. At the 1991 ICP meeting, Luerssen, et al., 5 reported on the infection risk in the TCDB population who did not receive ventriculostomies. They found a 2% incidence of CSF infection. Combining the Neurocore with the TCDB data confirms these findings.
The criteria for infection used in this paper were defined at the creation of the databases and could not be altered. The definition of infection chosen in any study of meningitis poses a significant problem. Although CSF infection can be defined with inclusive or exclusive criteria to decrease false negatives or false positives, no definition in a real patient population will result in 100% sensitivity and specificity. We would expect that the more sensitive the definition, the higher the rate of infection. In addition, more sensitive criteria for infection would be expected to identify infection earlier. This would bias the time to infection toward Day 0 but would not be expected to alter the overall relationship between infection and duration of monitoring.
Factors Associated With Infection
Findings similar to ours of a significant association between ventricular catheter infection and pneumonia, 2 sepsis, 2 neurosurgical operation, 6,13 depressed skull fracture, 5 and intraventricular hemorrhage 6, 13 have been reported previously in the literature. These five risk factors have their highest incidence during the first 5 days of monitoring; however, this does not fully explain the rising incidence of ventriculostomy infections over the first 10 days and the subsequent decrease.
Relationship of Monitoring Duration and Infection
The association of infection with catheter or monitoring duration is more controversial. Can prophylactic changing of the catheter lower the infection rate? To analyze whether there is a rising risk of infection with prolonged monitoring, it is necessary to look at the onset of infection rather than including the duration of monitoring after the onset of infection. In addition, a cumulative inci- * Differences were not significant by chi-square analysis. Abbreviations: DSF = depressed skull fracture; IVH = intraventricular hemorrhage.
† The two groups consisted of patients with multiple catheters that were exchanged at less than 5-day intervals and those whose catheters were exchanged at intervals of 5 days or more.
dence would by definition rise, so assessment of the daily infection rate is more appropriate. 13 Our catheter data show a steadily increasing daily incidence of infection with a peak at Day 10 (p = 0.009). After Day 10, the population is much smaller (75 patients) but there appears to be a drop in the rate of infection. There was no significant change in the data when patients undergoing evaluation with additional monitoring devices such as fiberoptic monitors or bolts were excluded. The same trend was observed when subsequent catheters were admitted to the dataset and the duration of monitoring for all the catheters for a particular patient was analyzed.
There have been several series reported in the literature claiming a relationship or lack of relationship of infection to duration of monitoring [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] (Table 4 ). Five of the seven studies showing a relationship of infection to duration included time after infection, which we believe is misleading. 2, [5] [6] [7] 10 Four studies found no relationship with monitoring duration. 9, 12, 14, 15 Only Winfield, et al., 15 gave an analysis of daily incidence. Their report also showed that the bulk of infections occurred in the first 11 days; however, they also had three late infections. They concluded that there was no relationship between infection and monitoring duration, but they only had 13 infections to analyze. 15 Each of these studies is difficult to cross-compare because of differences in population, methods of monitoring for infection, presentation, and analysis of data. Their different conclusions, however, may not be contradictory but may in fact be describing different parts of a complex curve. Our data indicate that there is an association between duration and infection, but that it is not linear. There is a rising incidence of infection until Day 10, with a rapid drop thereafter, despite a population at continued risk. These conclusions are also supported by the pattern of onset of infection in the other series 1, 12, 13, 15, 16 (Fig. 4) .
Effect of Prophylactic Catheter Exchange on Infection
Exchanging ventriculostomy catheters before Day 5 did not significantly alter the relationship between duration of monitoring and infection in our study. Mayhall, et al., 6 found no increased risk with a previous catheter in patients with serial catheters and so concluded that the risk could be diminished by exchanging catheters on Day 5. Luerssen, et al., 15 found a neutral or negative effect. Clark, et al., 2 found a higher incidence of infection in patients who required three serial catheters. The data presented do not make it clear whether this represents cause or effect. Patients who became infected while the first or second catheter was in place may have been more likely to require a third for prolonged ICP treatment or intrathecal antibiotic drugs. In this scenario, the third monitor is the effect rather than the cause of infection. A third monitor would only be considered the cause of the infection if the illness first developed while the third catheter was in place. To distinguish between these two possibilities, we analyzed which catheter was in place when the infection began. We found that although 28% of the patients receiving a third catheter were infected, only one patient (5.4%) developed this infection after the third catheter was inserted.
We then separated the patients receiving multiple catheters into two groups based on how frequently the catheter was changed. The two groups were equivalent in terms of other risk factors. Catheter changes after the onset of infection were not included. No significant difference was seen in infection rates, whether the catheters were changed in less than 5 days or greater than or equal to 5 days. Our data do not support the contention that changing the catheter by Day 5 decreases the chance of infection. With or without catheter exchange, there is a rising risk of infection while the monitor is in place, but this risk falls rapidly and remains very low after approximately 10 days.
This study is unique in that we were able to evaluate a very large population at risk for ventriculostomy infection and look specifically at when infection occurred with respect to the variables of monitoring duration and catheter exchange. This has allowed us to evaluate the recommendations set forth in our 1984 paper. Clearly, this retrospective analysis does not replace a prospective randomized controlled trial, but because none is in existence or forthcoming, we present the best data currently avail-
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Ventriculostomy infections and monitoring duration able. We believe that this information is relevant to the daily practice of the neurosurgical community.
Conclusions
1) There is a relationship of ventriculitis to monitoring duration but it is not simple or linear.
2) Infection rises over the first 10 days and then becomes very unlikely despite a population at continued risk.
3) Infections occur throughout the early monitoring period but are lowest during the first 4 days of monitoring.
4) Patients in whom catheters were replaced prior to 5 days did not have a lower infection rate than those in whom catheters were exchanged at intervals of 5 days or more.
In lieu of a randomized prospective controlled trial, we make the following recommendations: ventriculostomy catheters for ICP monitoring should be removed as quickly as possible; and in circumstances in which prolonged monitoring is required, there appears to be no benefit from or need for catheter exchange.
